.
General topography
The Kogelberg site was approximately 110 m above sea level and located on level but rocky ground with shallow, sandy, well-drained and nutrient-poor soils derived from sandstone. The Cederberg site was approximately 470 m above sea level and located on a northeast facing slope, with inclinations varying from 6 to 15 degrees. Soils are gravelly and shallow. Climate Both sites characterised by Mediterranean-type climate, with warm, dry summers and cool wet winters. Mean annual rainfall 1015 mm at the Kogelberg site, and 664 mm at the Cederberg. July had the highest mean monthly rainfall at both sites (Kogelberg 204 mm; Cederberg 125 mm), and February had the lowest mean monthly rainfall at both sites (Kogelberg 37 mm; Cederberg 15 mm).
Vegetation type
Vegetation was a tall (1.8 m) open shrubland at both sites. The dominant shrub at the Kogelberg was Leucadendron laureolum (Proteaceae), and at the Cederberg the proteaceous shrubs included L. pubescens, Paranomus bracteolaris and Protea laurifolia. The understorey at both sites consisted of grasses or reed-like plants in the families Restionaceae,Cyperaceae and Poaceae, and fine-leaved shrubs in the families Asteraceae, Ericaceae and Fabaceae. Plot layout A total of 14 experimental plots of approximately 50 x 50 m.
Fuel assessment methods
The biomass of dominant shrubs was estimated using regression analysis for tall shrubs (relationships between stem diameter and total above-ground biomass, as well as biomass of plant parts with a diameter of < 6mm). See van Wilgen (1982) and van Wilgen and Richardson 1985 for methods. The understorey biomass was estimated by clipping, drying and weighing above-ground plant material on plots of 1 -4 m 2 . Plant material from these clip-plots was divided into shrubs, restioid plants, graminoid plants, other herbs, and litter (dead material).
Fuel description
Total above-ground plant biomass ranged from 0.969 to 3.415 kg/m 2 , with a coefficient of variation of 36%. Most (around 80%) of the biomass was provided by understorey plants, and consisted of an erect mixture of herbaceous and fine-leaved shrubs, interspersed with erect dead material derived mainly from herbaceous plants, and a ground layer of leaf litter from overstorey shrubs. Both sites were mature, that is they had not been burnt for at least 15 years prior to biomass sampling.
Weather observations
Wet and dry-bulb temperatures measured using an Assmann aspirated psychrometer. The instrument was hand-held, about 50 m from the plots. Wind measured with anemometer at 1.8 m height positioned about 50m from the plot. All data logged at 1-minute intervals Fuel moisture Samples of the vegetation (< 6 mm in diameter) were clipped immediately prior to the fires. Two or three samples each of (1) dead material, (2) understorey shrubs, and (3) twigs and foliage of overstorey shrubs were sealed in air-tight glass bottles until each could be weighed and dried. Moisture contents were calculated as % of dry mass.
Rate of fire spread
Rate of spread was estimated from a grid of 16-20 points in each plot. Steel wires were tied to steel pegs with nylon line. The other end was tied to a numbered brick suspended over a frame outside of the plot. When the fire reached the peg, the nylon melted, the brick fell, and the time lapsed between ignition and fall was noted (fires were ignited as headfires (with the wind) along one boundary of the plot). Fire isolines were constructed after the burns were completed to estimate rate of spread (the mean rate between points in the path of the headfire). . For the Nadgee NR fuel height varied between 0.25 and 0.5 m; the total fuel load comprised shrubs and sedge vegetation. There was very little litter fuel. Fine fuel load (dead leaves and live twigs and leaves with diameter <3 mm) was 0.9-1.5 kg m -2 .
Weather observations
Air temperature and relative humidity were measured at 1.5 m above ground within 2 km of the experimental plots. A tower with anemometers positioned at 0.75m, 2m and 2.5m were placed 50 to 75 m in the windward side of the ignition line centre. Fuel moisture Moisture content of dead fine fuels was measured by destructive sampling. Samples were collected from litter, elevated dead and live fuels. Rate of fire spread
In low intensity fires the observers mapped the fire perimeters at 1-minute intervals using numbered metal discs. The INT fire was in excess of 10 000 ha when measured. The other fires were lit along fire breaks and the fires measured within the blocks. All fires had fireline lengths in excess of 100 m. Fuel assessment methods Fuel characteristics were assessed visually.
Fuel description Not available Weather observations
All weather parameters were recorded at the fire ground within 100 m using hand held instruments. Fuel moisture Fuel moistures were measured as the oven dry weight from fuel samples collected in the field. Rate of fire spread Rate of spread was determined by recording the location of the fire front at different times. 
Weather observations
Air temperature, relative humidity and wind direction and wind speed (at 2-m and 6-m above the ground) were recorded by an automatic meteorological station located approximately 50 m upwind from the experimental plot an area with an undisturbed fuel structure, representative of the fuel to be burned. Data recorded at 1 Hz and averaged over 1-min periods. Fuel moisture Moisture content of dead suspended fine fuels, litter and live foliage was measured by destructive sampling. Five to 10 samples of dead fuel component were collected along a transect 15 to 30 min prior to each ignition. Live fuels were typicaly collected the day before each burn. Samples were sealed in tins and taken to a laboratory to determine the oven dry weight (dried at 100ºC for 24h). Rate of fire spread Fire rate of spread was measured by two observers by timing when the fire front reached pre-placed posts within each experimental plot. Generally, a grid of posts was established prior fire. Grid spacing varied between 5-25, depending of the plot size and the expected fire rate of spread. Fire spread rates were determined by timing the head fire front arrival to pre-placed poles or other pre-defined reference points. Fuel load and structure were described using a combination of point intersect and destructive sampling methods. Destructive sampling was used to estimate fuel load in each layer (litter, near-surface, elevated and overstorey), height, bulk density and proportion of dead fuels.
Fuel description
Overall fuel cover varied between 46 and 83%. The total fuel load comprised of litter, understorey shrubs and overstorey canopy fine fuels (leaves and live twigs with diameter <3 mm) varied between 0.38 kg m -2 (in a 7-year old stand) and 1.48 kg/m 2 (in a 21-year old stand).
Weather observations
Air temperature and relative humidity were measured at 1.5 m above ground within 2 km of the experimental plots. For the SA experiments a primary 10-m tower with anemometers at 2-and 10-m height was placed 50 to 75 m along the side of the burn plot. A secondary back-up tower with a sole anemometer at 2-m was placed 50 to 75 m in the windward side of the ignition line centre. For each burn the wind towers were located in areas with a fuel structure representative of the experimental fire Fuel moisture Moisture content of dead fine fuels was measured by destructive sampling. Two types of samples were collected. Surface litter was collected from the top 10 mm of the litter layer. At locations where the litter layer was less than 10 mm deep, the entire layer was sampled. Suspended dead fuel samples were taken from between 0.1 and 1.0 m height, depending on the vertical distribution of fuel at each sampling location. Rate of fire spread Rate of spread was determined from measurements of the time of fire arrival at grid points within each experimental plot. Grid spacing varied between 25 and 50 m, depending on the expected rate of fire spread.
In low intensity fires the observers mapped the fire perimeters at 2-minute intervals using numbered metal tags Specht, 1979) of Ulex europaeus L. with continuous or near-continuous canopy cover, generally no understorey, and deep surface and elevated gorse litter. Plot layout A total of 29 experimental plots were burnt across the 7 sites, with plot sizes of 100 x 100 m, and in a two cases (at Whatu) of 50 x 50 m. Fuel assessment methods Pre-and post-burn fuel load and structure were described using destructive sampling methods (Pearce et al., 2010) . Destructive sampling was used to estimate fuel load in each layer (duff, litter, understorey and overstorey), height, bulk density and proportion of dead fuels.
Fuel description
Overall shrub cover and height varied from 47-48% and 0.4-0.5 m for pakihi wetland, to 43-83% and 0.6-4.8 m for 3-10 year old manuka heath/shrubland, to 58-92% and 2.2-3.1 m in gorse. The total aboveground available fuel load comprising litter, understorey and overstorey canopy fine fuels (leaves and live twigs with diameter <2 mm) (Pearce et al., 2010) varied from 0.64 kg m -2 in pakihi up to 3.82 kg m -2 for manuka and 4.81 kg m -2 for gorse. Elevated percent dead ranged from around 80% in pakihi, to 50-61% in gorse and 3-43% in manuka. Fuel consumption (based on pre-and post-burn measurements) ranged from 0.64-0.77 kg m -2 in pakihi, to 1.03-5.71 kg m -2 in manuka and 4.47-6.67 kg m -2 in gorse. Weather observations A portable automatic weather station was used to measure air temperature, relative humidity, 2-m wind speed & direction, and rainfall at each site. These were averaged over the duration of each fire run, and also used to determine Fire Weather Index codes and indices for correlation with observed fire behaviour.
Fuel moisture
In practically all cases, moisture content of dead and live fine fuels for all fuel layers present (duff, litter, understorey and overstorey) was measured by destructive sampling (in one case, only composite elevated moisture content was measured, so dead %MC has been estimated from a model for manuka heath). Elevated dead %MCs ranged from 14-29% in manuka, to 19-22% in pakihi, to 12-17% in gorse. Rate of fire spread Rate of spread was determined from measurements of the time the fire front reached marked grid points within each experimental plot. Grid spacing varied between 5 and 20 m, depending on plot size. Weather observations Air temperature and relative humidity were measured with AWS within 250 of the experimental plots for experimental burns and using hand-held instruments for hazard-reduction burns. Experimental fires had AWS (wind speed 10m and 1.7m) within 250m of burn ad parallel or upwind of burn. For hazard-reduction burns a hand-held anemometer was used. Fuel moisture Moisture content of dead fine fuels was measured by destructive sampling. Samples were collected from elevated dead and live fuels. Rate of fire spread Numbered metal tags for low-intensity fires. For other fires timing when fire reached either numbered posts or noticeable features.
